Abstract: Based on the Environmental Kuznets Curve (EKC) hypothesis, this paper uses panel cointegration techniques to investigate the short and the long-run relationship between CO 2 emissions, economic growth, renewable energy consumption and trade openness for a panel of 24 Sub-Saharan Africa countries over the period 1980-2010. The validity of the EKC hypothesis has not been supported for these countries. Short-run Granger causality results reveal that there is a bidirectional causality between emissions and economic growth; bidirectional causality between emissions and real exports; unidirectional causality from real imports to emissions; and unidirectional causality runs from trade (exports or imports) to renewable energy consumption. There is an indirect short-run causality running from emissions to renewable energy and an indirect short-run causality from GDP to renewable energy. In the long-run, the error correction term is statistically significant for emissions, renewable energy consumption and trade openness. The long-run estimates suggest that real GDP per capita and real imports per capita both have a negative and statistically significant impact on per capita CO 2 emissions. The impact of the square of real GDP per capita and real exports per capita are both positive and statistically significant on per capita CO 2 emissions. For the model with imports, renewable energy consumption per capita has a positive impact on per capita emissions. One policy recommendation is that Sub-Saharan countries should expand their trade exchanges particularly with developed countries and try to maximize their benefit from technology transfer generated by such trade relations as this increases their renewable energy consumption.
studies have not examined the impact of international trade and renewable energy consumption on emissions and especially in Sub-Saharan countries. We evaluate the current paper as a complementary to the one who was published by Ben Aïssa et al. (2014) . For a panel of 11 African countries, Ben Aïssa et al. (2014) examine the dynamic interaction between economic growth, renewable energy consumption and trade using a production model. The finding of their analysis reveals that no dynamic causal relationship exists between renewable energy consumption and any other variables in both the short and the long-run. Also, because of the low rate of renewable energy in Africa countries, it is contributing to the increase of output is either very weak or not significant.
The paper is organized as follows: Section 2 gives literature review; Section 3 provides data information, modeling and methodology; Section 4 presents empirical results and Section 5 deals with conclusion and policy implications.
Literature Review
The short-run and the long-run dynamic relationship between CO 2 emissions, economic growth, renewable energy consumption, and trade openness is one of the most important studies that we try to explore for a sample of Sub-Saharan countries.
Recently, numerous empirical analysis studies prove that renewable energy consumption plays a vital role for combating global warming (e.g. Apergis et al., 2010 and Sadorsky, 2009a ) and the increase of output (e.g. Apergis and Payne, 2010a , 2010b Menegaki, 2011, Ocal and Sadorsky, 2009) . The results from these papers are different depending on the selected data, period, and methodology used for the empirical analysis (ARDL, panel cointegration, variance decomposition, Toda-Yamamoto, panel random effect model, panel error correction model). The direction of causalities come from these papers have been established using various techniques such as Granger causality, and Toda-Yamamoto causality. However, some of them suggest the existence of bidirectional causality between renewable energy consumption and economic growth. It means that these studies support the feedback hypothesis. Thus, this hypothesis exposes that any increase in the share of renewable energy in total energy use will increase output and it supports that any increase in economic growth (real GDP) causes an increase in renewable energy consumption. The Toda-Yamamoto causality test results in Ocal and Aslan (2013) show that there is a unidirectional causality running from economic growth to renewable energy consumption. This result supports the conservation hypothesis which argues that any change in economic growth will change renewable energy consumption but otherwise is not supported. For the United States, only one causal relationship running from biomass-waste-derived energy consumption to real GDP has been founded in Yildirim et al. (2012) during the period 1949-2010. This findings support the growth hypothesis which means that any reduction in the consumption of renewable energy will affect economic growth. Menegaki (2011) investigates the causality between renewable energy consumption and economic growth for a panel of twenty seven European countries during the period [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] . The neutrality hypothesis is supported in the empirical test. However, the result involves that no causality between economic growth and renewable energy consumption.
The dynamic causal links between renewable energy consumption, economic growth and CO 2 emissions have been examined in Sadorsky (2009a) for G7 countries. Using panel cointegration techniques, he showed that in the long-run increase in real GDP per capita and CO 2 per capita are two major drivers behind renewable energy per capita. He also suggests that increase in oil price have negative and small impact on renewable energy consumption. The causal dynamics between emissions of CO 2 , nuclear energy, renewable energy, and economic growth have been studied by Apergis et al. (2010) . The results from Granger causality tests reveal that there is bidirectional causality between renewable energy consumption and economic growth in the short-run and long run relationship. Furthermore, Granger causality indicates that nuclear energy consumption contributes to the reduction of CO2 emissions while renewable energy consumption does not.
Another group of papers discuss the dynamic relationship between output, energy consumption (renewable or total energy use) and trade openness (e.g. Ben Aissa et al., 2014; Sadorsky, 2012) . The results from these two studies are not identical and the directions of the dynamic causalities are different. However, the finding in Ben Aissa et al. (2014) indicates that no causal relationship between renewable energy consumption and economic growth or between renewable energy consumption and trade in the short and long-run whereas the paper of Sadorsky (2012) suggest, for a panel of 7 South American countries, that short-run shows a bidirectional causality between energy consumption and exports, output and exports and output and imports and unidirectional short-run relationship from energy consumption to imports. In the long-run, the result indicates a causal relationship between trade and energy consumption. Thus, these two studies recommend that more trade openness could be a good policy to increase output.
A numerous empirical studies discussed the causal relationship between environmental indicators (CO 2 , SO 2 …), economic growth, energy consumption and/or trade (e.g. Acaravci and Ozturk, 2010; Arouri et al. 2012; Haggar, 2012; Jaunky, 2011; Ozcan, 2013) for the heterogeneous panel studies and Ang (2007) , Halicioglu (2009), Jalil and Mahmud (2009) , Ozturk and Acaravci (2010) , Jayanthakumaran et al. (2012) for crosssectional studies. Given that the purpose of our analysis is not to cite all the existing review but we will discuss only some studies. Acaravci and Ozturk (2010) discussed the causal relationship between CO 2 emissions, energy consumption, and economic growth by using autoregressive distributed lag (ARDL) bounds testing approach of cointegration for a panel of nineteen European countries for 1960-2005 period. Authors suggest that the validity of EKC hypothesis has been supported in Denmark and Italy. They found a positive long-run elasticity estimate of emissions with respect to energy consumption at 1% significant level in Denmark, Germany, Greece, Italy and Portugal. They also found positive long-run elasticity estimates of carbon emissions with respect to real GDP and the negative long-run elasticity estimates of carbon emissions with respect to the square of per capita real GDP at 1% significance level in Denmark and 5% significant level in Italy. Haggar (2012) investigated the long-run causal relationship between greenhouse gas emissions, energy consumption and economic growth for a panel of Canadian industrial sectors. The results from the short-run affirm that there is one a way causality running from energy consumption and economic growth to greenhouse gas emissions; a weak unidirectional causality from greenhouse gas emissions to energy consumption. In the longrun, energy consumption has a positive and significant impact on emissions and the inverted U-shaped of the EKC hypothesis has been supported. To examine the causal links between carbon emissions, energy consumption and economic growth in the Middle East countries, Ozcan (2013) found that the U-shaped EKC is not supported for five countries but has been authorized for three countries, whereas there are no causal links between emissions and income for the remaining sample countries. Using cointegration and vector error-correction techniques, Ang (2007) examines the validity of EKC hypothesis for the case of France. The results provide that, in the short-run, there is a unidirectional causality running from growth of energy consumption to economic growth. In the long-run, economic growth exerts a causal influence on growth of energy consumption and growth of pollution. Halicioglu (2009) uses the ARDL bounds testing to cointegration procedure to examine the causal relationship between carbon emissions, energy consumption, income, and trade in the case of Turkey. The results show that there are two forms of long-run equilibrium. The first form is that emissions are explained by energy consumption, income and trade, and the second form is that carbon emissions, energy consumption, and trade are determinants of income. From the first form which respects the EKC hypothesis, the empirical results suggest that income is the most significant variable followed by energy consumption and trade. Ozturk and Uddin (2012) investigate the long-run Granger causality relationship between energy consumption, carbon dioxide emission and economic growth in India over the period . The augmented Dickey-Fuller test (ADF), Phillips-Perron test (PP) and KPSS test are used to test for Granger causality in cointegration models which take account of the stochastic properties of the variables. Feedback causal relationship between energy consumption and economic growth is found in India. The value of the error correction term confirms the expected convergence process in the long-run for carbon emissions and growth in India which implies that emission reduction policies will hurt economic growth in India if there are no supplementary policies which seek to modify this causal relationship. Jayanthakumaran et al. (2012) test the long-and short-run relationships between economic growth, trade, energy use and endogenously determined structural breaks for 1971-2007 period using the ARDL bounds approach for China and India. They found that CO 2 emissions in China were influenced by per capita income, structural changes and energy consumption. A similar causal connection cannot be established for India.
Data, Specification Model and Methodology

Data
The data set is a balanced panel of 24 Sub-Saharan countries 1 over the period 1980-2010 and includes annual data on per capita CO 2 emissions, per capita real GDP, square of per capita real GDP, per capita renewable energy consumption, per capita real exports and per capita real imports. The time series data are selected to get the maximum number of observations depending on the availability of the data and time period. The CO 2 emission per capita is measured in metric tons per capita. Real gross domestic product per capita (GDP, output) is measured in constant 2005 US dollars. Exports and imports are both defined as merchandise exports and merchandise measured in current US dollars. These variables are transformed from the current value to the real one by dividing them by the consumer price index (pc) and then divided by the population to get the per capita unit. The renewable energy consumption is measured in billion kilowatt hours and then divided by the population to get the per unit. It comprises electricity coming from geothermal, solar, wind, tide and wave, biomass and waste, and hydroelectric. Data on per capita CO 2 emissions, per capita real GDP, merchandise exports and merchandise imports are obtained from the World Bank Development Indicators online database (WDI, 2013) . Data on renewable energy consumption are obtained from the U.S. Energy Information Administration (2013) online database. Data on (pc) and population (in thousand) are obtained from the Penn World Tables version 7.1 (Heston et al. 2012) . All variables are transformed to the natural logarithms form. Our estimations are done using Eviews 7.0 software.
Specification model
Our specification model is based on the EKC hypothesis and follows the methodology of Ang (2007) , Halicioglu (2009) and Jayanthakumaran et al. (2012) for cross-sectional series and by Haggar (2012) and Narayan and Narayan (2010) for heterogeneous panel. The multivariate framework is established to investigate the long-run relationship between CO 2 emissions per capita (e), per capita real GDP (y), the square of per capita real GDP (y 2 ), per capita renewable energy consumption (re) and per capita trade openness (o) 2 (exports or imports) in two separate specification models. The first model includes per capita real exports (ex) and the second includes per capita real imports (im). The log linear quadratic form is specified as follows: α is expected to be positive whereas the sign of 2i α is expected to be negative. It means that an increase in per capita real GDP would lead to an increase in per capita CO 2 emissions, whereas an increase in per capita square of real GDP would lead to a decrease in per capita CO 2 emissions. The sign of 3i
α is expected to be mixed and depending on the specific economic development of the selected countries. With respect to renewable energy, we expect that the sign of 4i
α is negative if the share of renewable energy used is high enough and the industrial sectors use the clean technology for production; but it could be positive if the share of renewable energy is rather low and the technology used for production is polluting. The sign of 4i
α is expected to be mixed and also depends on the economic development of the selected countries. According to the discussing studies of Grossman and Krueger (1995) ; Halicioglu (2009) and Shahbaz et al., (2012) , the sign of trade openness slope parameter is positive if the dirty industries of developing economies are producing with heavy share of CO 2 emissions.
Methodology
We use panel cointegration test to check for the short and long-run relationship between emissions, economic growth, renewable energy consumption and trade openness for a panel of 24 Sub-Saharan countries over the period 1980-2010. Our empirical analysis follows five steps: i) we start through testing the panel integration order of each variable, ii) we look for long-term cointegration between variables, iii) we estimate the long-run relationships between variables using OLS and fully modified OLS (FMOLS), iv) we examine the causality between variables using Engle and Granger (1987) approach and v) concludes.
Empirical Results
Unit root tests
Fives panel unit root tests are used in this empirical analysis. Breitung (2000) , Levin et al. (2002) , Im et al. (2003) , tests of Fisher use Augmented Dickey and Fuller (ADF) (1979), and Phillips and Perron (1988) . These tests are composed on two groups: the first group of tests includes t-statistic of the Breitung (2000) and LLC's test (Levin et al., 2002) . These tests assume a common unit root process across the cross-section for the null of a unit root. The second group of tests includes IPS-W-statistic (Im et al., 2003) ; ADF-Fisher Chi-square (Dickey Fuller, 1979) and PP-Fisher Chi-square (Phillips and Perron, 1988) . These tests assume an individual unit root process across the cross-section. For all these tests, the null hypothesis is that there is a unit root and the alternative hypothesis is that there is no unit root. Panel unit root is tested using intercept and deterministic trend for all variables. The results from the panel unit root tests are reported in Table 1 and indicate that all variables are stationary after the first difference. However, for real GDP per capita, square of real GDP, per capita real exports per capita and real imports per capita, all tests suggest that these variables have a unit root at level but they become stationary after the first different. For per capita CO 2 emissions and per capita renewable energy consumption only Breitung (2000) reveal that these variables are non-stationary at level but stationary after the first difference. Finally, according to the t-statistic of Breitung (2000), we conclude that all analysis variables have a unit root at level and become stationary after the first difference. 
Panel cointegration tests
We use the Pedroni's (1999 Pedroni's ( , 2004 ) cointegration tests to ckech for the long-run relarionship between variables. Pedroni (2004) proposes seven statistics distributed on two sets of cointegration tests. The first set comprises four panel statistics and includes v-statistic, rho-statistic, PP-statistic and ADF-statistic. These statistics are classified on the withindimension and take into account common autoregressive coefficients across countries. The second set comprises three group statistics and includes rho-statistic, PP-statistic, and ADF statistic. These tests are classified on the between-dimension and are based on the individual autoregressive coefficients for each country in the panel. The null hypothesis is that there is no cointegration ( 0 : 1 i H ρ = ), whereas the alternative hypothesis is that there is cointegration between variables. Panel cointegration tests of Pedroni (1999 Pedroni ( , 2004 are based on the residual of Eq. (1). The estimated residuals are defined as follows: Table 2 reports the results of Pedroni (1999 Pedroni ( , 2004 's cointegration tests for the model with exports. The results indicates that two panel statistics (PP-statistic and ADF-statistic) among four used for the within dimension reject the null of no cointegration between variables at the 1% significance level. Two group statistics (PP-statistic and ADF-statistic) among the three statistics used of the between-dimension reject the null hypothesis of no cointegration at the 1% significance level. Therefore, four tests among seven confirm the existence of long-term cointegration between the variables. 0.0000*** *** indicates statistical significance at the 1% level. The null hypothesis is that there is no cointegration among variables whereas alternative hypothesis is that there is cointegration. Lag length selection based on SIC (automatically) with a max lag of 5. Table 3 reports the Pedroni (1999 Pedroni ( , 2004 )'s cointegration results for the model with imports. As shown for the model with exports, the results of cointegration tests reveal that, for the model with imports, two panel statistics (PP-statistic and ADF-statistic) among four used for the within dimension reject the null of no cointegration at the 1% significance level. Also, two group statistics (PP-statistic and ADF-statistic) among three used for the between dimension reject the null of no cointegration between variables. Thus, four tests among seven confirm the existence of long-run relationship between variables. 0.0000*** *** indicates statistical significance at the 1% level. The null hypothesis is that there is no cointegration among variables whereas alternative hypothesis is that there is cointegration. Lag length selection based on SIC (automatically) with a max lag of 5.
Long-run estimates
The long-run relationship between variables has been confirmed for both the model with exports and the model with imports. Thus, this step consists to estimate the long-run coefficients using OLS and FMOLS estimators. The FMOLS approach estimation has been proposed by Pedroni (2001 Pedroni ( , 2004 . This technique of estimation is more powerful than the OLS because it corrects for both endogeneity bias and serial correlation. The results of the long-run estimates for the model with exports and the model with imports are reported in Table 4 and 5, respectively. All estimated coefficients can be interpreted as long-run elasticities. The results of long-run estimates for the model with exports are reported in table 4. The long-run coefficients estimated from OLS and FMOLS techniques are approximately similar and have the same magnitude and produce the same sign. The validity of EKC has not been supported for the model with exports. All estimated coefficients are statistically significant except for renewable energy consumption.
The OLS estimates results suggest that a 1% increase in per capita real GDP decrease per capita CO 2 emissions by 3.56%; a 1% increase in per capita square of real GDP increase per capita CO 2 emissions by 0.32%; a 1% increase in per capita real exports increase per capita CO 2 emissions by 012%. The FMOLS estimates results show that a 1% increase in per capita real GDP decrease per capita CO 2 emissions by 3.71%; a 1% increase in per capita square of real GDP increase per capita CO 2 emissions by 0.33%; a 1% increase in per capita real exports increase per capita CO 2 emissions by 0.19%. The coefficient of par capita renewable energy consumption is negative but statistically not significant under OLS and FMOLS. For the model with imports, the long-run estimated are presented in Table 5 using OLS and FMOLS. The estimated coefficients are similar and have the same magnitude and produce similar sign. The validity of the EKC has not been supported for the model with imports. The long-run elasticities are statistically significant except for renewable energy consumption with FMOLS approach.
The OLS long-run elasticties results suggest that a 1% increase in per capita real GDP decrease per capita CO 2 emissions by 3.06%; a 1% increase in per capita square of real GDP increase per capita CO 2 emissions by 0.30%; a 1% increase in per capita renewable energy consumption increase per capita CO 2 emissions by 0.06%; a 1% increase in per capita real imports decrease per capita CO 2 emissions by 013%. The FMOLS estimates results show that a 1% increase in per capita real GDP decrease per capita CO 2 emissions by 3.09%; a 1% increase in per capita square of real GDP increase per capita CO 2 emissions by 0.30%; a 1% increase in per capita real imports decrease per capita CO 2 emissions by 0.14%.
Granger causality tests
The short-run and long-run causality tests is established using Engle and Granger (1987) 's two steps. The presence of long-run relationship between emissions, real GDP, square of real GDP, renewable energy consumption, and trade openness is confirmed by Pedroni's cointegration tests which allows for the direction of causality between variables. The approach of Engle and Granger (1987) 
where ∆ is the first difference operator; the autoregression lag length, p, is set at 2 and determined automatically by the Schwarz Information Criterion (SIC); µ is a random error term; ect is the error correction term derived from the long-run relationship of Eq. (1). In order to investigate the causality relationship between emissions, economic growth, renewable energy consumption and international trade, we follow the two steps of Engle and Granger (1987) . The first step consists to estimate the long-run parameters in Eq. (1) in order to get the residuals corresponding to the deviation from equilibrium. Second, we estimate the parameters related to the short-run adjustment of Eqs. (3)-(7). Short-run causality is determined by the significance of F-statistics and the long-run causality corresponding to the error correction term is determined by the significance of t-statistics. The pairwise causality is examined through the direct and indirect channels between variables. Table 6 reports the short and the long-run causality between emissions, economic growth (real GDP or the square of real GDP), renewable energy consumption and real exports. The results from pairwise Granger causality tests show that, in the short-run, there is bidirectional causality between emissions and economic growth (through real GDP or the square of real GDP) and bidirectional causality between emissions and real exports. There is also unidirectional causality running from real exports to renewable energy consumption. However, no causal links between emissions and renewable energy consumption or between economic growth and renewable energy consumption in the short-run. In the long-run, the error correction term is statistically significant for Eq. (3)-(6) and (7). However, there is a long-run relationship from i) real GDP, square of real GDP, renewable energy consumption and real exports to emissions, ii) from emissions, real GDP, square of real GDP and real exports to renewable energy consumption, and from iii) emissions, real GDP, square of real GDP, renewable energy consumption to real exports. Table 7 reports the short and the long-run relationship between emissions, economic growth, renewable energy consumption and real imports. The pairwise Granger causality results show that there is bidirectional causality between emissions and economic growth; unidirectional causality running from real imports to emissions without feedback; and unidirectional causality from real imports to renewable energy consumption in the short-run. However, there is no evidence of short-run causality links between renewable energy consumption and emissions or between renewable energy consumption and economic growth. In the long-run, the error correction term is statistically significant for Eq. (3)- (6) and (7). However, there is a long-run relationship from i) real GDP, square of real GDP, renewable energy consumption and real imports to emissions, ii) from emissions, real GDP, square of real GDP and real imports to renewable energy consumption, and from iii) emissions, real GDP, square of real GDP, renewable energy consumption to real imports. Figure 1 sums up the direct and the indirect short-run interaction between emissions, economic growth, renewable energy consumption, real exports and real imports. The interdependence between environmental indicator (CO 2 ) and economic growth is bidirectional because real GDP (square of real GDP) Granger causes emissions and emissions Granger causes real GDP (square of real GDP). This result means that any variations in the development of economic activities will affect the emissions rate in Sub-Saharan regions and increase in the degree of pollution leads to a variation of the development of their economies. It seems that this result is not obvious given that most previous studies have not proven the bidirectional causality between economic growth and CO 2 emissions. This finding is similar to Apergis et al. (2010) The interdependence between emissions and real exports is also bidirectional at the 5% significance level, in the short and the long-run relationship. This finding supports the feedback hypothesis. The evidence of bidirectional feedback causality between emissions and exports further implies that an increase in the CO 2 emissions leads to increase the exports of merchandises. This result point out the speed and the development of merchandise exports for increasing emissions in the regions.
The direct short-run relationship between emissions and real imports is unidirectional without feedback at the 10% significance level. Thus, merchandise imports will have a positive or negative impact on CO 2 emissions but, because of lack of causality, the contribution of emissions on real imports is neutral. Besides, we found evidence of a unidirectional short-run causality without feedback from trade (exports and imports) to renewable energy consumption. This causality is direct and runs from real exports to (2014) in which they found no causality from renewable energy to trade or from trade to renewable energy either in the short or long-run. In contrast, we found an interesting result in the case of renewable energy and emissions. There is no direct causality in either direction between renewable energy consumption and emissions but there is an indirect unidirectional causality from emissions to renewable energy that runs through trade, precisely real exports. This evidence of short-run causality is explained by the fact that emissions Granger cause real exports and real exports Granger cause renewable energy consumption. This finding means that any fluctuations in the degree of carbon emissions will affect the exports of merchandise and subsequently will affect renewable energy consumption. Also Granger short-run causality reveals no direct causality in either direction between economic growth and trade openness which means that trade openness does not derive economic growth in the region and the development economics level does not proceed to international trade. Only an indirect causality between economic growth and trade, that occurs through emissions 3 .
Conclusion and Policy Implications
We use panel cointegration techniques to investigate the long-run relationship between CO 2 emissions, economic growth, renewable energy consumption and international trade for a panel of 24 Sub-Saharan countries over the period 1980-2010. Our model is based on the EKC hypothesis and follows the same methodology of Ang (2007) , Halicioglu (2009) and Jayanthakumaran et al. (2012) for time series, and Haggar (2012) and Narayan and Narayan (2010) for heterogeneous panel.
To examine the causality relationship between analysis variables we develop two specification models when the dependent variable is CO 2 emissions. The first model incorporates real exports and the second incorporates real imports. The aim of this separation is to specify which one of these trade variables (exports or imports) may affect environmental control (CO 2 ) when renewable energy is used for production.
Granger causality tests reveal that, in the short-run, there is evidence of bidirectional causality between emissions and economic growth and bidirectional causality between emissions and real exports and unidirectional causality running from real imports to emissions. Also, there is no direct causality between emissions and renewable energy consumption and between economic growth and renewable energy consumption and between international trade and economic growth in the short-run. There is an indirect causality between emissions and renewable energy consumption detected through real exports. An indirect causality occurs between international trade (exports and imports) and economic growth that runs through emissions.
In the long-run, the estimates coefficients reveal that the validity of the EKC hypothesis is not established. An increase in real GDP decrease CO 2 emissions, while an increase in the square of real GDP increase CO 2 emissions. The estimated coefficient of renewable energy consumption is negative but statistically not significant for the model with exports. It means that any fluctuation in the use of renewable energy may not affect the degradation of the environmental indicator (CO 2 ). In imports model, the OLS estimated coefficient of renewable energy consumption is positive and statistically significant at the 1% level, meaning that the increase in per capita renewable energy increases per capita emission.
Turning to the effect of trade openness on emissions, the impact of real exports is positive and statistically significant in both OLS and FMOLS long-run estimates. This results means that any increase in exports operations will raises emissions rate in Sub-Saharan region. The impact of real imports is negative and statistically significant in both OLS and FMOLS longrun estimates. It means that more imports operations will reduce the emissions rate.
Our policy recommendations are summarized on the fact that the authorities and policy makers of the sub-Saharan area must stimulate industrial sectors to adopt new investment strategies in renewable sources by requiring a tax policy to weak damage on the environment. Thus, the share of renewable energy sources should be increased and supported in these countries. In addition, since trade openness increases carbon emissions, the green technology investments should be supported. To do this, appropriate incentive policies should be designed by national authorities to support private sector investments on export related production and renewable energy investments. Another policy recommendation is that SubSaharan countries should expand their trade exchanges particularly with developed countries and try to maximize their benefit from technology transfer generated by such trade relations as this increases their renewable energy consumption.
